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Abstract:

17
Transgenic plants expressing insecticidal proteins originating from Bacillus thuringiensis (Bt) have 18 successfully been used to control lepidopteran and coleopteran pests with chewing mouthparts.
19
However, only a handful of Bt proteins have been identified with any bioactivity against sap sucking 20 pests (Hemiptera) including aphids, whiteflies, plant bugs and planthoppers. A novel Bt insecticidal 21 protein with significant toxicity against a hemipteran insect pest is described here. The gene 
24
striatellus and Nilaparvata lugens were determined as 6.89 μg/mL and 15.78 μg/mL respectively.
25
Analysis of the toxin sequence revealed the presence of both Toxin_10 and Ricin_B_Lectin domains. 
46
( Liu et al., 2018) . Another one of the strains identified in that screen (C9F1) was phenotypically distinct from the above stain and is the subject of this investigation.
48
Material and methods
50
Strains, plasmid and growth conditions.
51
The C9F1 (CGMCC10782) strain was isolated form soil collected from the BaiWangShan Forest 
56
were subjected to SDS-PAGE, bands were excised, combined and subjected to in gel digestion with 57 trypsin. The resulting fragments were analysed on a Q Exactive™ Hybrid Quadrupole-Orbitrap
58
Mass Spectrometer (Thermo Fisher, USA) and the data using MASCOT 2.6. E. coli DH5a was used 59 for routine transformations, while E. coli Rosetta (DE3) was used for the expression of the cloned 60 genes. All genes were introduced into pET-21b plasmid where they were fused to an N-terminal His 61 tag. All E. coli strains were cultured in Luria-Bertani (LB) medium at 37°C. Bt strains were 62 incubated at 30°C in 1/2 LB liquid medium or agar plates. The concentrations of ampicillin and 63 chloramphenicol used for bacterial selection were 100 μg/mL and 50 μg/mL respectively.
64
Preparation of genomic DNA, sequencing and computational analysis. Genomic DNA of C9F1 65 was prepared as described by Song et al. (Song et al., 2003) . Genome sequencing was performed 66 on an Illumina HiSeq 2500 platform, using a paired-end genomic library (insert size 500 bp) strategy 
77
Gene cloning of putative toxin genes. Primers used for amplification of putative toxin genes were 78 designed based on the nucleotide sequences from the draft genome of C9F1 ( 
114
Result
115
Initial characterization of the C9F1 strain.
116
The spore and crystal mixture of C9F1 were examined under a scanning electron microscope and 117 revealed small spherical crystals (Fig. 1A) . Total protein of sporulated C9F1 was analyzed by SDS-
118
PAGE and revealed one major protein of around 140kDa as well as other minor ones (Fig. 1B) .
119
Draft genome sequence and gene annotation of C9F1 putative pesticidal proteins.
120
Using the Illumina sequencing platform a total of 6,422,579 nucleotide base pairs were generated,
121
and were assembled to 610 scaffolds with a genome size 6.21 Mb. The number of predicted protein 122 coding sequences was 6861. After screening these putative proteins against a local Bt pesticidal 123 protein database, 8 full-length protein coding sequences were identified ( Table 2) . Two of these
124
were highly similar to known Cry8 proteins while the other six showed only weak similarity to other 125 known toxins. To establish whether or not these putative toxins were produced by the native Bt 126 strain the bands obtained by SDS-PAGE ( Fig 1B) were cut out, combined, and subjected to peptide 
131
Protein expression and bioassay of the putative toxin proteins.
132
Five out of the eight putative genes sequences were successfully cloned into pET-21b. All five genes could be expressed in E. coli Rosetta (DE3) cells after induction by IPTG. After nickel-affinity 134 chromatography the purified proteins were analyzed by SDS-PAGE (Fig. 2) . All the gene products 135 ran with sizes consistent with their predicted molecular weights (Table 2) . Although peptides
136
corresponding to the proteins encoded by Gene_1 and Gene_3 were detected in the spore/crystal 137 mix of C9F1, proteins corresponding in size to the recombinant toxins do not appear to be heavily 138 expressed in the native strain (Fig. 1B) .
139
A discriminatory dose bioassay was performed against L. striatellus using 100 μg/mL of the 140 purified recombinant proteins. Figure 3 shows that only the protein encoded by Gene_3 gave an 
143
The protein was tested against five additional insect species. Of these only N. lugens proved to be 144 sensitive to this toxin with an LC50 of 15.78 μg/mL (95% CL 13.04-18.25). Less than 50% mortality
145
was observed when P. xylostella, H. armigera, C. bowringi and C. sinica were exposed to a high 146 dose 600 μg g -1 /mL -1 of the Gene_3 encoded protein, although some mortality/weight gain inhibition 147 was observed with the former two insects at this dose (Table 3) .
148
Molecular characterization of the hemipteran-active gene. 
194
The toxin shows no activity against C. sinica which is an important predator found in a variety of 195 crop systems including paddy fields. As a result Cry78Aa has significant potential for the future control of rice planthoppers.
197
Accession number. The accession number of genes identified from C9F1 are as follows Gene_1,
198
KY780621; Gene_2, KY780622; Gene_3, KY780623; Gene_4, KY780624; Gene_5, KY780625;
199
Gene_6, KY780626; Gene_7, KY780627; Gene_8, KY780628.
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